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To supplement these data the work to be reported was undertaken. Four calves were fed with serum, the first, small quantities in the milk, as were those of the former experiment, the others one large dose without milk. At the same time the serum of each calf was tested to trace the absorption of agglutinins through the digestive tract as was done when a high titer colostrum was fed. 2 The experiment on the absorption of agglutinins was extended to include two new-born calves fed on a high titer milk in place of colostrum and two other calves fed on a high titer serum when they were more than 3 days old. The cow serum used was drawn from a cow (No. 600) treated with living cultures of Bacillus abortus at intervals to bring about a relatively high agglutinin titer. The serum fed to the two first calves (Nos. 976 and 980) had a limiting titer of 1:2,560. The clumping was complete and the suspending fluid cleared at 1:160. The serum fed Nos. 988 and 993 had a limiting titer of 1: 5,120. The fluid was cleared at 1:640. The milk from Cow 938 fed to calves after the experimental feeding of serum or of a special milk of high titer failed to show any clumping at 1:20. In all cases the agglutinin Smith, T., and Little, R. B., J. Exp. Med., 1922, xxxvi, 453. titers refer to Bacillus abortus. The figures given refer to the limiting titer; i.e., the dilution in which some clumping is still recognizable. In the tables, C. stands for complete clumping and clearing of the fluid. The tests were carried out well beyond the limit of the titer but they are omitted from the tables. The temperature of the calves was taken three times each day. Only significant figures are quoted. Table I shows the absence of agglutinins in the blood before any food had been taken. 6 hours after 70 cc. of serum had been fed there was a distinct indication of clumping at 1:40. After two additional doses, the last 16 hours after birth, there was an increase to 1:80. When the calf was 18 days old, the agglutinins were still present but diminished in amount.
No. 980.-Bull calf of a Holstein cow (first since purchase), born Sept. 27, 11.30 a.m. Weight 80 pounds. Calf born into manure drop while cow was in stanchion. Some mucus in upper air passage of calf when found. At 12 noon, after the withdrawal of 25 cc. of blood, the calf was fed from a bottle about 500 cc. of warmed serum of Cow 600, then dried by gentle friction with towels. At 6.30 p.m., after 25 cc. of blood had been taken, the calf received its first meal of 2 pounds of milk (Cow 938 Table II shows that the blood serum of the calf at birth did not agglutinate Bacillus abortus in a dilution of 1:5. 6 hours after feeding serum, the titer was 1:640. The titer maintained itself at a slightly lower level until the calf was killed. Table III shows that the serum of the calf was negative at 1:5. 6 hours after the cow serum had been fed, the blood titer had risen to 1:640. Nov. 21. The history of this calf since the former date is one of gradual improvement. The temperature remained around 40 0 C. for some days and gradually fell to about 39C. The respiration remained rapid and the type abdominal. Auscultation indicated pneumonia. The calf continued to take its food regularly and during the past week took 15 pounds of milk daily. Killed today by cutting neck vessels after stunning with a blow.
No
The autopsy revealed total necrosis of the right ventral lobe of the lung. Onehalf of the adjacent portion of the large caudal lobe was similarly involved but the necrotic masses were isolated and easily pulled out of their respective cavities. The whole was walled off by a thick membrane involving the epicardium and the right wall of thorax. The cavity so formed contained 800 cc. of a thick, chocolate-colored liquid. A small necrotic focus was found at the root of the left ventral lobe. The remaining lung tissue was variegated with areas of collapse. The stump of one umbilical artery had on its sheath a tumor-like body 1.5 to 2 cm. in diameter consisting of a thin capsule and cheesy, purulent contents. Owing to the mixture of bacteria present in the necrotic lung tissue, the etiological factor remains unknown. Pneumonia prevailed in the herd at the time. The absorption of agglutinins from the blood serum is shown in Table IV . Within 7 hours the titer of the calf's serum rose from less than 1:5 to 1:160 and maintained itself at nearly this level until the calf was killed.
For the purpose of determining whether agglutinins are absorbed from a high titer milk, not colostrum, two calves soon after birth were fed with milk from a cow (No. 799) infected spontaneously with Bacillus abortus and delivered of a premature calf about 4 months previous. The agglutination of Bacillus abortus by the milk during the period in which it was used on the calves was complete at 1:160 and just recognizable at 1:1,280.
No. 992.-Holstein bull calf, born Oct. 25, 1.15 p.m. Weight 97 pounds. It was immediately removed and dried with towels. Milk of a high titer (Cow 799) was fed at 5 p.m. Before the first meal of 850 cc. of milk, about 50 cc. of blood were withdrawn and about 25 cc. at 11 p.m. At this time the calf was fed 940 cc. of the same milk, refrigerated since the first meal and warmed to 36 0 C. Oct. 26, 6 a.m. Calf bled (about 50 cc.) and then fed 3 pounds of freshly drawn milk from the same cow. Calf bled again (25 cc.) at 11.20 a.m. and fed 2 pounds of milk from the same cow. Diarrhea started late in the day. A third meal of about 2 pounds of milk fed in the evening. The calf is distinctly ill at this time. Oct. 27. From now on, the calf is fed milk of low titer. It takes about 9 pounds in all today. Condition improved. Oct. 28. Calf improving. Takes milk as usual.
Nov. 3. Calf has been normal since Oct. 28. Takes about 12 pounds of milk. Nov. 7. Calf has been in normal condition since preceding date. On this day, when 13 days old, it was fed, after withholding the morning meal of milk, with 520 cc. of serum of Cow 600, having a high agglutinating titer towards B. abortus. The very slight rise in the blood titer of the calf following this feeding is within the margin of error of the method.
Nov. 10. Calf killed and autopsied. Organs normal. The results of feeding milk and later serum of a high agglutinin titer to this calf are presented in Table V . It will be noted that 6 hours after the first of the three meals of this milk fed on the 1st day of life there was a distinct rise in the blood titer of the calf from less than 1:5 to 1:20. Two later meals produced only a doubtful rise beyond this. On the 12th day it had fallen to 1:10. It is to be noted that this calf survived without colostrum.
No. 999.-Holstein bull calf, born Nov. 7, 8.40 a.m. Weight 86 pounds. Umbilical cord was torn away at its insertion. Removed to isolation unit immediately, a sample of 50 cc. of blood withdrawn, and the calf dried by gently rubbing with bath towels. Calf barely able to stand.
Milk with high agglutinin titer (Cow 799) was collected at 5.10 p.m., Nov. 6, and refrigerated until next morning. It was then gently warmed to 37°C. and 700 cc. fed to this calf from a bottle at 9.40 a.m. Fed 912 cc. from the same lot of refrigerated milk, warmed as before, at 4 p.m., and again 850 cc. at 10 p.m. During the day a sample of 20 cc. of blood was withdrawn at 3.50 p.m. and another of 15 cc. at 9.50 p.m.
Nov. 8. Fed 3 pounds of milk from Cow 938 (low titer) at 5 a.m., 11 a.m., and 5 p.m. During the morning diarrhea set in and continued, stools becoming watery. Temperature 39.2°C. in the evening.
Nov. 9. Calf now very weak, unable to stand. Diarrhea continues and the temperature rises to 41.1 0 C. in the evening. Refuses food after the morning meal. Lying down and comatose towards evening. Died about 8 p.m. Body cooled with a stream of water and refrigerated.
Nov. 10. The autopsy showed the following. Umbilical stump absent. Umbilical vein closed and filled with a dark, firm clot. Hemorrhagic infiltration under serosa of stumps of umbilical arteries, extending to cephalic part of bladder. The rumen contains milky fluid and the fourth stomach both fluid and a firm lump of casein about 8 cm. in diameter. The mucosa appears as if covered with a thin, veil-like membrane which comes away in patches and is made up of desquamated epithelium. Mucosa punctuated with faded petechiae. The mucosa of small and large intestines has deeply congested areas. Trachea cyanotic. Lungs slightly edematous and hypostatic. Epicardial vessels distended and forming hemorrhagic elevations at base of large vessels. All heart cavities filled with soft, dark dots. Blood in general surrounding dots is thick. Kidneys congested throughout. Liver cells contain considerable orange pigment but no fat globules. Films from spleen pulp show a fair number of colon-like bacilli but no other types. Cultures made with heart's blood, spleen, liver, and kidney tissue develop large numbers of colonies of B. coli communis. No other forms present. Table VI shows absence of agglutinins from the blood of the calf at birth at 1:5 and a rise to 1:40 when it was 12 hours old.
One calf was treated as a control by feeding ordinary milk, instead of colostrum or serum. Oct. 16. The following conditions noted at autopsy. Superficial necrosis of skin area covered by umbilical cord and edema of underlying tissues. Umbilical vein closed and filled with a dark red clot. Peritoneal surface at this point covered with a thin fibrinous film. Fourth stomach contains about 500 cc. of clotted milk. Mucosa of a washed dark red color. Patches of congestion in small intestine. Lungs slightly edematous. Foci of collapse and congestion, one to several lobules in extent, scattered through all lobes. Pericardial sac contains some turbid coagulable fluid and flakes of fibrin. Epicardium congested and hemorrhagic.
Various joints (knee, elbow, metacarpal, metatarsal, and atlantoodontoid) contain a turbid, yellowish fluid and elastic, whitish masses of exudate.
Cultures show large numbers of bacilli subsequently identified as B. coli communis in spleen, liver, kidneys, umbilical vein, joints, and pericardial cavity.
At this time three calves, which had received colostrum from the mother, were taken to serve as additional controls. In addition, the first, No. 984b, was fed with the high titer serum of Cow 600 when 3' days old to determine whether the period for absorption from the digestive tract had passed. The feeding of a high titer serum when the calf was 31 days old failed to raise the then existing titer of the serum, as shown in Table  VII .
No. 1008.-Holstein male calf, weighing 90 pounds at birth. When hour old it is held up and allowed to suckle three quarters of the dam's udder for about 10 minutes, then removed and cared for in the usual way, receiving ordinary milk from Cow 938. The umbilical stump was moist and hence washed with boric acid and partly cut away. Diarrhea did not appear in this calf. It was killed when 15 days old and found normal.
No. 1009.-Holstein female calf, weighing 68 pounds at birth, first calf, delivered with some assistance. Calf too weak to stand. After 20 minutes it was held up and allowed to suckle from three quarters of the dam's udder for 15 minutes, then removed and cared for in the usual way. It received ordinary milk (Cow 938). It was stronger next day. On the 2nd day diarrhea set in and the calf took only a portion of its meal. This continued another day. Thereafter the condition of the calf was normal. It was killed when 13 days old and found normal.
DISCUSSION.
The foregoing protocols may be analyzed with reference to (1) the significance of serum and colostrum in maintaining the life of the calf during the earliest days, and (2) the absorption of agglutinins from the digestive tract as conditioned by the vehicle containing them and the age of the calf.
1. The conclusions reached in former publications concerning the importance of colostrum to the new-born calf are confirmed and extended. Of three controls receiving it, all survived in a normal condition. Of three receiving ordinary milk, two died and one remained normal. Of four receiving serum, all survived but one became affected with pneumonia which resulted in extensive necrosis of lung tissue. It was killed during a period of apparent convalescence when 26 days old. The serum in one was fed in three small doses in milk; in three, it was fed in one dose of 500 to 650 cc. and was readily taken by the calves. The early diarrhea was practically absent in three. In the two fatal cases, not receiving colostrum, there was the same Bacillus coli septicemia already described. One (No. 999) lived 22 days, the other 8 days. In the latter, the longer duration of the disease gave time for the development of a multiple fibrinous polyarthritis and pericarditis associated with Bacillus coli. That calves may now and then not only survive but remain in fairly normal condition without colostrum is illustrated by the third control (No. 992).
2. The prompt appearance of specific agglutinins after the ingestion of a high titer colostrum was duplicated in the cases fed with cow serum as shown in Table VIII , which summarizes the individual experiments.
The absence of agglutinins at birth has been demonstrated in all cases of the experiments, although in two of the dams the titer of the blood serum was 1:640 and 1:2,560 respectively. This confirms previous conclusions, ' that the placenta of the cow is impervious to these immune bodies and that the rare cases in which they have been found may rest upon some experimental or observational error.
Rettger, White, and Chapman, 4 who had claimed in 1918 that calves "react at birth in the same manner as the dams," state that their conclusions were drawn "without particular reference to the early ingestion of colostrum." As this early ingestion is the kernel of the whole matter, their former claim falls to the ground. The dams react because they are actively immune; the calves after having taken colostrum are only passively and temporarily so, hence they do not react precisely as their dams even after having ingested colostrum.
Huddleson 5 attacked the problem of the transmission of antibodies in utero and from his five cases draws the conclusion that there "is no relation between the antibody index of the blood of new-born calves and their respective dams." He employed both agglutination and complement fixation tests. His results indicate that agglutinins may be present in the dam and not in the unfed calf or the reverse, i.e. agglutinins may be absent in the dam but present in the calf. The results obtained in this Department point to the absence of agglutinins in the calf at birth.
Concerning the absorption of antibodies in homologous serum, a number of communications dealing with the absorption of antitoxins from the digestive tract appeared early in the present century. They deal largely with the absorption of diphtheria and tetanus antitoxin in heterologous sera, with various species of experimental animals and with periods of life later than those dealt with in the foregoing pages. The only one bearing directly on our problem is by Rbmer, 6 who describes an experiment with a foal 21 days old. The foal received tetanus antitoxin which was secreted into the milk by the dam after subcutaneous injection of antitoxic horse serum and the same antitoxic horse serum added directly to the milk. The latter was not absorbed, while the former was. This experiment leaves us in the dark as to what would have happened if the homologous serum had been fed soon after birth. Rmer himself acknowledges that age might be a deciding factor.
In the experiments of Little and Orcutt, 2 antibodies were absorbed from ingested colostrum as late as 21 hours after birth by two calves kept alive on ordinary milk. Further more precise experiments were interfered with for the time being by the difficulty of keeping calves alive on ordinary milk when colostrum was withheld beyond this time.
Huddleson 7 fed milk naturally infected with B. abortus and therefore containing agglutinins to calves for a number of weeks. Agglutinins were very rarely demonstrated in their blood. It is not stated just how many hours after birth this feeding was begun and it is not possible to assimilate his results with those here reported.
No effort was made to give the experiments here reported a quantitative character by estimating the agglutinin units fed and absorbed. They are, however, sufficiently clear-cut and detailed to warrant certain inferences. As shown in Table VIII , the percentage absorption of agglutinins from a high titer milk was relatively lower than from homologous serum. The percentage absorption from colostrum in the last case appears higher than from serum, but as it was not known how much colostrum had been ingested, further experiments are called for in which colostrum is fed from a bottle.
As to the limit of the period during which absorption of antibodies goes on, it may be stated that the blood titer was not increased by feedings after the first meal. These results do not harmonize entirely with the earlier tests reported by Little and Orcutt 2 and it remains to determine whether the difference in the nature of the respective vehicles-serum, milk, and colostrum-may not account for the discrepancy.
The feeding of serum to two calves respectively 3 and 13 days old was without effect on the blood titer.
The facts presented have certain bearings on practise. The newborn calf should receive its protective meal as soon as possible after birth. This may be fed from a nursing bottle if the animal is too weak to stand up and suckle the dam. When the udder of the dam is diseased or suspected of carrying dangerous infectious agents, such as tubercle bacilli, and the calf worth raising, cow serum may be fed in place of the colostrum.
The protective action of serum appears to remain intact for months if it is properly collected and stored. It should not contain antiseptics until the harmlessness of such agents has been proved. One meal of 500 to 700 cc. is protective but it should be reenforced whenever possible by subcutaneous or intravenous injection soon after birth if the serum is clear and free from molds.
CONCLUSIONS.
The administration of cow serum by feeding may replace colostrum. The agglutinins towards Bacillus abortus in it are absorbed during the first hours of life in relatively large amounts when compared with those naturally appearing in ordinary milk. It seems probable that colostrum is the most efficient transporting agent of the antibodies. Experiments are under way to put these conclusions on a quantitative basis with special reference to the age of the calf during which the absorption of homologous antibodies is still possible.
